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© Tharmal transfer (printing) material. 

Disclosed herein is a thermal transfer (printing) material 
comprising a base material of a biaxiaHy oriented poly- 
ethylene 2,6-naphthalate film of a Young's modulus in the 
longitudinal direction of not less than 600 kg/mm 2 and a 
thermal transfer layer coated on the film. 
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BACKGROUND OF THE INVENTION : 

The present invention relates to a thermal transfer 
(printing) material, and more in detail, the present 
invention relates to a thermal transfer (printing) material 
comprising, as a base material, a biaxially oriented poly- 
ethylene 2 ,6-naphthalate film which has a high Young's 
modulus in the longitudinal direction and heat- resistance , 
is able to thin the thermal transfer (printing) material 
and gives clear transcribed letters, and a thermal transfer 
layer coated on the film. 

In recent years, along with the development of 
office automation, various printing systems have been 
developed, and of them, a thermal transfer printing system 
which is small in noise in printing and simple in operation 
has attracted one's attention. 

Ordinarily, a heat-sensitive printing system 
wherein a thermal head is directly brought into contact to 
a heat-sensitive printing paper containing a specific colour 
former has been used. However, although the above-mentioned 
system is excellent in the operability and maintenance of 
the thermal printing apparatus, there is a large problem 
in the long-term preservation of the thus prepared records , 
because the printing paper is apt to be discolored by heat 
and light. 

Accordingly, a thermal transfer printing system 
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has been spotlighted recently as a system which utilizes the 
merit of the heat-sensitive printing system and removes the 
above-mentioned demerit, and has been used broadly. 

It is considered that the above-mentioned 
thermal transfer printing system will be used in • 
future in various printers because of the possibility of 
printing on ordinary paper sheets, of the excellence in long- 
term preservation of records and of the excellence in quality 
of the printed letters- As the printers, for instance, 
printers for computors, printers for word-processors, video- 
printers, labelprinters, printers for stillvideocamera, facsimile, 
etc. may be mentioned. Furthermore, with the remarkable 
development of computors which easily carry out colorgraphic 
representation, the improvement of the printer is effected for 
coloration. 

In the thermal transfer printing 
system, a thermal transfer (printing) material comprising 
a base material and a thermal transfer layer coated on the 
base material is used. In case of printing letters, a 
recording paper sheet (an ordinary paper sheet can be used) 
is brought into contact to the thermal transfer layer of 
the thermal transfer (printing) material, a pressure is 
applied thereon, a thermal head is brought into contact to 
the opposite side of the base material, a signal current is 
transmitted to the thermal head in pulse wise to heat the 
thermal head. 
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By such a way of transferring a heat-melting ink 
only from the heated part of the thermal transfer layer or 
subliming a sublimable ink therefrom, transcription is carried 
out onto the recording paper. In ordinary cases, the heat- 
melting, ink is easily transferred on the recording paper in 
the temperature of from 60 to 120 °C of the temperature of 
the ink, and the sublimable ink sublimes at a temperature of 
the ink in a range of from 70 to 200 °C and is transcribed. 

Generally, the method utilizing the heat-melting 
ink is called the heat-melting process of thermal transfer 
printing -system, and the method utilizing the sublimable 
ink is called the subliming process of thermal transfer 
printing system. 

In the cases of the heat-melting process of thermal 
transfer printing system, a thermal transfer (printing) 
material having a thermal transfer layer containing 
carbon black is used in the case of printing all in black 
color, and for coloration, after preparing separately the 
three thermal transfer (printing) materials respectively 
having the thermal transfer layer of one of the three 
primary colours, namely yellow, magenta and cyan, each colour 
is thermally transferred once on the same recording paper 
sheet, three times in total, thereby piling up the three 
primary colours on the same recording paper sheet. 

On the other hand, a characteristic of the 
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subliming process of thermal transfer printing system 
lies that the harmony of colour tone is easily effect d, 
namely the easy control of the amount of subliming ink is 
easily effected by the amount of heat of the thermal head. 

For making the colour deeper, the applied- voltage 
is raised or the applied time of current pulse is elongated, 
and on the other hand, for lightening the colour', the 
applied voltage is lowered or the applied time of current 
pulse is shortened. By utilizing the above-mentioned system 
of easily effecting the harmony of colour tone, the sub- 
liming process of thermal transfer printing system is 
applicable in colour print, particularly in colour print of 
detailed figures and photographs. In the system of colour 
printing, in the same way as the heat-melting process, the 
three thermal transfer (printing) materials respectively 
having one of the three thermal transfer layers of the 
three primary colours, namely yellow, magenta and cyan are 
prepared, and the thermal transferring is effected 
once in one colour, 3 times in total. In the case of using 
the subliming process of thermal transfer printing system, 
it is necessary to raise the amount of heat in the thermal 
head in order to make the colour deeper and accordingly, a 
higher temperature is applied on the thermal transfer 
printing material than in the case of using the heat-melting 
process . 
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Although in the case of using a subliming ink in 
the thermal transfer printing system, a special image- 
receiving layer may be provided on the recording paper sheet, 
in general, since the recording on an ordinary paper sheet 
by the thermal transfer printing system is easily carried 
out, it is possible to remove the demerit of the conventional 
heat-sensitive recording system. Namely, the thermal transfer 
printing system is an excellent recording system. 

Hitherto, as the base material for the thermal 
transfer (printing) material, a condenser paper has been 

used. However, due to the reasons that the condenser paper 
is low in strength and is easily teared off, and that in the 
case where it is necessary to thin the base material for 
obtaining a high speed printing and a clear image, it is 
difficult to obtain a thinner condenser paper or to reduce 
the thickness irregularity of the condenser paper, a thin 
film of polyethylene terephthalate is now used as the base 
material . 

However, at present, for obtaining a further 
clearer image, a thinner film having a higher heat-resistance 
is demanded. 

However, the polyethylene terephthalate film is 

insufficient in heat-resistance, and a thin polyethylene 

terephthalate film having the Young* s modulus of not less 
2 

than 600 kg/cm can not be produced. in addition, the 
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polyethylene terephthalate film has a defect of reducing the 
strength in transverse direction in the case of raising the 
strength in longitudinal direction. 

Accordingly, a development of a film which is more 
heat-resistant than polyethylene terephthalate film and has 
a higher strength in longitudinal direction than polyethylene 
terephthalate film has been demanded* Further, a development 
of a film which has a higher strength in longitudinal 
direction than the film of polyethylene terephthalate and at 
the same time, a high strength in transverse direction has 
been demanded. 

On the other hand, a biaxially oriented poly- 
ethylene 2, 6-naphthalate film which has the Young's modulus 

2 2 
of not less than 510 kg/mm (51000 kg/cm ) in longitudinal 

2 

direction and the Young's modulus of not less than 6 80 kg/mm 
2 

(6 8000 kg/cm ) in transverse direction is useful as the 

electric insurating material, the supporting material of 

magnetic recording tape etc, [refer to Japanese Patent 

Application Laying-Open (KOKAI) No. 50-45877(1975)]; and a 

magnetic recording tape prepared by forming a magnetic layer 

on the surface of a biaxially oriented polyethylene 2,6- 

naphthalate film having the Young's modulus of not less than 
2 

510 kg/mm in longitudinal direction and the Young's modulus 

2 

of not less than 6 80 kg/mm in transverse direction [refer 
to Japanese Patent Publication No. 56-19012(1981)] have been 
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proposed. However, there are no description nor suggestion 
concerning the use of the polyethylene naphthalate film as 
the base film for thermal transfer (printing) material. 

As a result of the present inventor's studies, it 
has been found by the present inventor that the above- 
mentioned problems can be solved by using a polyethylene 
2,6-naphthalate film of the specified Young's modulus instead 
of the polyethylene terephthalate film, and on the basis of 
his finding, the present inventor has attained the present 
invention. 

SUMMARY OF THE INVENTION : 

In a first aspect of the present invention, there 
is provided a thermal transfer (printing) material compris- 
ing a biaxially oriented polyethylene 2, 6-naphthalate film 

of Young's modulus in longitudinal direction of not less 
2 

than 600 kg/mm as the base material and a thermal 
transfer layer coated on the film. 

In a second aspect of the present invention, there 
is provided a film for a thermal transfer (printing) 
material, comprising a biaxially oriented polyethylene 2,6- 
naphthalate film of Young's modulus in longitudinal direc- 
tion of not less than 600 kg/mm 2 . 



- 8 - 



. 0222374 

DETAILED DESCRIPTION OF THE INVENTION : 

The polyethylene 2 , 6-naphthalate used in the 
present invention represents a polymer constructed substan- 
tially of the ethylene 2 , 6-naphthalate as the constitutional 
unit, and also ethylene 2 , 6-naphthalate polymers modified 
with a small amount of e.g. less than 10 mol%, preferably 
less than 5 mol% of a third component. 

Polyethylene 2, 6-naphthalate is generally produced 
by polycondensing naphthalene-2 , 6-dicarboxylic acid or a 
functional derivative thereof, for instance, methyl naphthalene- 
dicarboxylate and ethylene glycol in the presence of a 
catalyst under suitable reaction conditions. As a third 
component, dicarboxylic acids such as adipic acid, sebasic 
acid, phthalic acid, isophthalic acid, terephthalic acid, 
naphthalene-2 , 7-dicarboxylic acid, etc, and lower alkyl 
esters thereof; oxycarboxylic acids such as p-oxybenzoic acid 
and lower alkyl esters thereof; dihydric alcohols such as 
propylene glycol, trimethylene glycol, tetramethylene glycol, 
pent ame thy lene glycol, hexamethylene glycol, diethylene 
glycol, etc; and polyalkylene glycols such as polyethylene 
glycol, poly tetramethylene glycol, etc. may be exemplified. 
Further, in the polycondensation , a polycondensation regulator, 
crystallization regulator, plasticizer, flatting agent, 
stabilizer may be added. 

Since the mechanical properties of the poly- 
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ethylene naphthalate for use in the present invention is 
reduced in the case where the polymerization degree is too 
low, the intrinsic viscosity thereof is preferably not less 
than 0.40, more preferably in the range of from 0.40 to 0,90. 
In addition, concerning the density of the polyethylene 
naphthalate, it is preferably not less than 1.360, more 
preferably not less than 1.370. In the case of the density 
of below 1.360, such a polyethylene naphthalate is not pre- 
ferable because of the high shrinkage ratio of the film 
prepared therefrom. 

For preventing the sticking of the film of the 
present invention, fine particles of an inert compound may 
be contained in the film, thereby giving a sliding property 
to the film. As one of the methods, there is a method 
wherein, in the production of the polyethylene naphthalate, 
a phosphorus compound, etc. is reacted with a metallic 
compound dissolved in the reaction system after esterifica- 
tion or ester interchange reaction, thereby depositing out 
the fine particles, namely, a particle deposition method. 

However, since there is a limit in the amount of 
the thus deposited particles, another method, so-called "a 
particle addition method" is preferably used. 

In short, in the particle addition method, inert 
fine particles are added to polyethylene naphthalate at any 
stages of process from the polyester production to film 
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extrusion. As inert fine particles, at least one kind of 
metallic compound selected from the group consisting of 
kaoline, talc, magnesium carbonate, calcium carbonate, barium 
carbonate, calcium sulfate, barium sulfate, lithium phosphate, 
calcium phosphate, magnesium phosphate, aluminum oxide, 
silicon oxide, titanium oxide, lithium fluoride, etc. and 
salts of terephthalic acid of Ca, Ba, Zn, Mn, etc. may be 
added, however, they are not limited to the above-mentioned 
compounds. 

The shape and form of the inert compound may be 
spherical, massive or flaky, and also concerning the hardness, 
density and colour, there are no particular limitation. 
The average particle diameter of the inert compound is 
generally from 0.1 to 10 ym, preferably from 0.3 to 3 ym in 
the equivalent diameter cf equal volume sphere. The amount 
of the inert compound added to the film is from 0.01 to 1% 
by weight, preferably from 0.02 to 0.8% by weight and more 
preferably from 0.0 3 to 0.5% by weight. In addition, for 
the same purpose, various resins, lubricating agents, etc. 
may be coated on the surfaces of the polyethylene naphthalene 
film. 

The polyethylene 2 , 6-naphthalate film as the base 

material of the thermal transfer (printing) material of the 

present invention must have Young 1 s modulus in longitudinal 

2 

direction of not less than 6 00 kg/mm , preferably not less 
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than 700 kg/nun 2 , more preferably not l ess than 1000 kg/mm 2 
and still more preferably not less than 1300 kg/mm 2 . l„ the 
film of Young's modulus of less than 600 kg/mm 2 in longi- 
tudinal direction, particularly in the ribbon-like film, it 
is difficult to thin the film even in comparison to the 
polyethylene terephthalate film, and in the case of using 
such a film as the base material of the thermal transfer 
(printing) material, the printed letters are indistinct. 
Further, Young's modulus in transverse direction is prefer- 
able not less than 600 kg/mm 2 , more preferably not less than 
700 kg/mm . In the film of Young's modulus of less than 6 00 
kg/mm in transverse direction, particularly in the leaf film, 
it is difficult to make the film nerve and to produce a 
thinner film, and at the time of using the film as the base 
material of the thermal transfer (printing) material, there 
may be cases where the improving effect of the clearness of 
the printed letters is small. 

The thickness of the polyethylene 2,6-naphthalate 
film as the base material of the present invention is from 
0.5 to 6 urn, preferably 0.5 to 3 pm. 

As the thermal transfer layer coated on the 
surface of the polyethylene 2,6-naphthalate film as the base 
material, a publicly known material can be used. 

For example, the thermal transfer layer comprises 
a binder component, a colouring component, etc. as the main 
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component, and may contain additive components such as a 
dispersing agent. As the binder component, known waxes such 
as paraffin wax, carnauba wax, ester wax, etc. and various 
high polymers of a low melting point may be exemplified. 

As the colouring component, carbon black, various 
organic and inorganic pigments, and various organic and 
inorganic dyestuffs may be exemplified. 

As the method of coating the thermal transfer 
layer on one of the surfaces of the polyethylene 2,6- 
naphthalate film of the present invention, for instance, a 
hot-melt coating method, a solution coating method wherein 
a coating is carried out in the state of adding a solvent 
such as photogravure method, reverse method and slitdie 
method, etc. may be exemplified. The thickness of the heat 
transcription layer is 0.5 to 9 urn. 

The method for producing the film of the present 
invention will be described concretely as follows, however, 
the method is not limited to those described. 

After drying the pellets of polyethylene 2,6- 
naphthalate in which fine particles of kaoline, silica, etc. 
have been contained, the thus dried pellets are melt-extruded 
at a temperature of from 280 to 320»C and then the thus 
extruded sheet is cooled to obtain a substantially amorphous 
and unoriented sheet. At such a time, it is preferable to 
adopt the electrostatic cooling method. Then, the thus 
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obtained amorphous and unoriented sheet is at first stretched 
in longitudinal direction at a temperature of from 130 to 
170°C and at a draw ratio of 1.1 to 3-5 times, preferably 
1.1 to 3.0 times- The thus obtained film is then stretched 
in transverse direction at a tempera ture of from 130 to 180 °C 
and at a draw ratio of 2.5 to 4.5 times, and then is sub- 
jected to thermal treatment while relaxing from 1 to 30% in 
transverse direction at a temperature of from 130 to 240 °C. 
The thus obtained biaxially oriented film is further stretched 
in longitudinal direction at a temperature of from 14 0 to 
200 °C at a draw ratio of 1.1 to 4.0 times. Thereafter, the 
thus treated film is subject to heatset treatment while 
stretching in transverse direction at a temperature of from 
180 to 260 °C and at a draw ratio of from 1.1 to 4.0 times, 
and then the thus treated film is wound. By carrving out 
the above-mentioned steps, a polyethylene 2 , 6-naphthalate 
film of remarkably high Young's modulus in longitudinal 
direction and also in transverse direction as compared to the 
known polyethylene 2 , 6-naphthalate film can be produced. 

The thermal transfer (printing) material of the 
present invention is superior in heat-resistance to the 
thermal transfer (printing) material produced by using a poly- 
ethylene terephthalate film, is extremely thin in thickness and 
gives a remarkably clear transferring printing of the letters 
without any transcription irregularity, and in addition, the 
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thermal transfer (printing) material of the present invention 
is excellent in running property. 

The present invention will be explained concretely 
while referring to the following Examples and Comparative 
Examples/ and the measurement of the physical properties of 
the films in the present specification is carried out by the 
methods shown below: 

(1) Young T s modulus : 

By using a tensilon (made by TOYO-Baldwin Co., Ltd. 
UTM-III type) f Young's modulus was measured at 25°C and 50% 
RH under the following conditions. 

Shape of a specimen: a long strip type of 15cm in 

length and 1 cm in width 

Interval of chacks : 1 0 cm 
Drawing speed : 100 %/min 

(2) Evaluation of the thermal transfer (printing) material; 

On one of the surfaces of a specimen (film) , a 
f luorocarbons polymer is coated as a sticking-preventing 
layer and a known thermal transfer layer comprising waxs and 
carbon black is provided on the other surface of the specimen, 
and the evaluation is carried out by using a typewriter 
(made by Brother Ind. Co., Ltd, f of a type of EP-20) in the 
form of the ribbon-like specimen. 
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EXAMPLES 1 and 2 ; 

A polyethylene 2,6-naphthalate f an intrinsic 
viscosity of 0.65 containing 0.08 part by weight of amorphous 
silica of an average diameter of 1.7 um was melt-extruded at 
295 »C as a raw material, thereby preparing an unstretched 
film. After stretching the thus obtained film 2.5 times in 
longitudinal direction at 140 C C and further stretching 4.2 
times in transverse direction at 135 °C, the thus biaxially 
stretched film was subjected to heatset treatment at 210 °C 
while relaxing it 10% . 

The thus obtained film was further stretched 1.5 
times in longitudinal direction at 150 °C (Example 1) and 
2.5 times in longitudinal direction at 150°C (Example 2). 

After still further stretching the thus obtained 
film 1.1 times in transverse direction while subjecting it 
to heatset treatment at 230 °c, the wound film of 4 micro- 
meters (Example 1) and 2 micrometers (Example 2) in thickness 
was obtained, respectively. 

On the upper surface of the thus obtained film, 
the following composition was coated as a thermal transfer 
layer by the hot-melt coating method so that the thickness 
of the layer became 3 pm, thereby obtaining the thermal 
transfer (printing) material according to the present invention. 
Composition ; 

30 parts by weight of carnauba wax 



- 16 - 



* " ' 0222374 

35 parts by weight of ester wax 
12 parts by weight of carbon black 
10 parts by weight of polytetrahydrof uran and 
3 parts by weight of silicone oil. 

COMPARATIVE EXAMPLE 1 ; 

By subjecting a polyethylene terephthalate film of 
an intrinsic viscosity of 0.62 containing 0.08 part by 
weight of amorphous silica of an average diameter of 1.7 urn 
to biaxial stretching and heatset treatment while following 

an ordinary method, a polyethylene terephthalate film of 9 

um in thickness was prepared. 

In the same manner as in Example 1, a thermal transfer 

(printing) material was prepared from the thus obtained 

polyethylene terephthalate film. 

COMPARATIVE EXAMPLE 2 ; 

By subjecting a polyethylene terephthalate film of 
an intrinsic viscosity of 0.62 containing 0.08 part by weight 
of amorphous silica of an average diameter of 1.7 um to 
uniaxially stretching and heatset treatment while following 
an ordinary method, a polyethylene terephthalate film of 4 
Um in thickness was prepared. 

In the same manner as in Example 1, a thermal transfer, 
(printing) material was prepared from the thus obtained 
polyethylene terephthalate film. 
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The thickness and y ung . 8 ffloduluiI o£ eaeh £Un of 
Examples 1 and 2 and Comparative Examples 1 and 2, and the 
results of evaluation of the thermal transfer (printing, 
materials prepared in Examples 1 and 2 and Comparative 
Examples 1 and 2 are shown in Table 1. 



Table 1 




Example 


Comparative Example 1 


1 2 






running 

transcription j property 90od 




- 18 - 



. - 0222374 

WHAT IS CLAIMED IS : 

x . A thermal transfer (printing) material comprising 

a biaxially oriented polyethylene 2, 6-naphthalate film of 
Young', modulus in longitudinal direction of not less than 
600 kg/mm 2 as the base material and a thermal transfer 
layer coated on one of the surfaces of said film. 

2 . A thermal transfer (printing) material according 

to claim 1, wherein said biaxially oriented polyethylene 
2,6-naphthalene film has Young's modulus in transverse 
direction of not less than 600 kg/mm 2 . 

■ 3 . A thermal transfer (printing) material according 

to claim 1, wherein Young's modulus in longitudinal direc- 
tion of said polyethylene 2 , 6-naphthalate film is. not less 
2 

than 760 kg/mm . 



4 



A film for a thermal transfer (printing) material, 
which comprises a biaxially oriented polyethylene 2,6- 
naphthalate film having Young's modulus in longitudinal 
direction of not less than 600 kg/mm . 

5 . A film for a thermal transfer (printing) material 

according to claim 4, wherein said biaxially oriented poly- 
ethylene 2,6-naphthalene film has Young's modulus in transverse 
direction of not less than 60 0 kg/mm . 
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